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RELATION  OF  SEDIMENTATION  TO 
ACCELERATED  EROSION  IN  THE 
MISSOURI  RIVER  BASIN 


The  Missouri  River  Basin  is  a  vast  and  complex  area.    Measured  in  a 
northwesterly  direction  from  the  mouth  of  the  main  stem  near  St.  Louis, 
Missouri,  the  watershed  has  a  maximum  length  of  about  1,^00  miles  and  a 
maximum  width  of  about  680  miles.    The  waters  of  the  Missouri  River  flow 
from  10  states  and  2  Canadian  provinces.    The  Basin  includes  all  of 
Nebraska,  most  of  South  Dakota,  large  portions  of  North  Dakota,  Montana, 
and  Wyoming,  about  half  of  Kansas  and  Missouri,  and  smaller  parts  of 
Colorado,  Iowa,  Minnesota,  Alberta,  and  Saskatchewan.    It  has  a  total  area 
of  509 , 375  square  miles  in  the  United  States  and  9>715  square  miles  in 
Canada.    This  great  inland  empire  is  endowed  with  a  bountiful  store  of 
natural  resources.    Land,  water,  forests,  and  minerals  establish  it  as  a 
region  of  greet  potentialities.     Its  wealth  has  been  but  partially  devel- 
oped and  its  sustained  production  depends  enormously  upon  how  well  man 
adapts  his  enterprises  to  the  natural  environment  of  the  region. 

The  Missouri  Basin  is  an  area  of  large-scale,  natural  geographic 
variations.    It  is  comprised  of  mountains,  plains,  prairies,  and  rolling 
highlands  with  all  manner  of  transitional  zones  between.     Its  soils  range 
from  deep  loessial  deposits  to  thin,  rocky  soils  of  the  high  mountains 
and  include  vast  areas  of  sandy  fine-grained  soils  of  the  northern  Great 
Plains . 

Its  climate  is  characterized  by  extremes,  both  in  temperature  and 
precipitation.    The  average  annual  rainfall  varies  from  less  than  6  inches 
in  the  desert-like  intermountain  region  of  northwestern  Wyoming  to  almost 
^5  inches  in  southeastern  Missouri  and  is  even  higher  on  some  of  the  moun- 
tain peaks  in  Colorado.     Over  considerable  areas  in  the  Basin  rainfall  is 
not  sufficient  to  support  crop  production.    Over  other  large  areas  the 
amount  of  rainfall  varies  widely  from  year  to  year.    Throughout  the  water- 
shed rainfall  is  erratic  and  frequent  high  intensities  subject  the  area  to 
rapid  runoff  with  consequent  loss  of  valuable  soil  moisture,  destructive 
erosion,  and  intensive  flood  damages.    Winters  are  frequently  long  and 
cold  and  summers  dry  and  hot.    Within  this  climatic  environment  nature 
established  a  precarious  natural  balance  between  constructive  and  destruc- 
tive forces,  building  and  destroying  the  land  resources  of  the  Basin. 

There  is  ample  evidence  that  erosion  and  floods  have  always  taken 
place  in  the  Basin.    The  broad  alluvial  valleys  and  the  deep  flood  plain 
soils  are  evidence  of  this  fact.     It  is  likewise  abundantly  evident  that 
the  rates  of  land  erosion  have  been  accelerated  over  those  prevailing 
under  the  natural  conditions  and  that,  other  things  being  equal,  rates  of 
erosion  are  directly  responsive  to  man's  use  of  the  land. 

Prior  to  the  coming  of  the  white  man,  and  to  a  large  extent  prior  to 
about  1866,  man  had  not  greatly  altered  conditions  in  most  of  the  Basin. 
The  area  was  inhabited  by  Indians  and  wild  animals,  principally  buffalo, 
deer,  and  antelope.    The  Indians  lived  by  hunting  and  fishing.    They  some- 
times set  fire  to  the  grass  but  they  do  not  seem  to  have  seriously  reduced 
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the  game  population,  and  though  their  fires  may  have  influenced  the  na- 
ture of  the  vegetation,  they  did  not  destroy  the  primeval  cover.  The 
Indians  even  had  to  contend  with  periodic  droughts  over  large  parts  of 
the  Basin  and  periods  of  hardship  undoubtedly  followed. 

Based  upon  extensive  study  in  the  Great  Plains ,  a  physiographic  pro- 
vince covering  about  67  percent  of  the  Missouri  Basin  and  practically  all 
of  the  Basin  where  annual  rainfall  is  less  than  20  inches,  the  Great  Plains 
Committee  in  its  report  of  1936  concluded  as  follows  (20)1:     "There  is  no 
evidence  that  in  historic  times  there  was  ever  a  severe  enough  drought  to 
destroy  the  grass  roots  and  cause  erosion  comparable  to  that  which  took 
place  in  195^  and  1936;  that  phenomenon  is  chargeable  to  the  plowing  and 
overcropping  of  comparatively  recent  years." 

Many  measurements  have  been  made  in  the  Missouri  River  Basin  and 
throughout  the  country  which  show  the  relationship  of  rates  of  erosion  to 
use  and  condition    of  the  land.    Although  the  results  vary  from  one  loca- 
tion to  another  and  from  time  to  time  at  any  measurement  station,  invari- 
ably, rain  after  rain,  and  year  after  year,  they  consistently  show  that 
rates  of  erosion  and  soil  loss  have  been  accelerated  by  man's  use  of  the 
land. 

Man  must  necessarily  use  the  land  for  food  and  fibre  production.  To 
do  so  he  must  clear  some  of  the  land  and  plant,  cultivate,  and  harvest 
crops.    He  must  procure  timber  from  the  forests.    He  must  use  areas 
naturally  adapted  to  grass  and  range  for  grazing  his  herds  and  flocks. 
Too  intensive  use  of  the  land  for  any  of  these  purposes  tends  to  deplete 
the  natural  fertility  end  increase  erosion,  flood  runoff,  and  sediment 
production.    Modern  technology,  involving  use  of  ohe  land  within  its 
natural  capability  and  the  application  of  sound  conservation  and  erosion 
control  practices,  makes  it  possible,  however,  to  minimize  the  loss  of 
soil,  forest,  range,  and  wildlife  resources. 

At  the  same  time  it  is  prudent  to  recognize  that  normal  erosional 
processes  are  continuing  to  operate  in  some  areas.     In  some  parts  of  the 
Basin,  particularly  in  the  badlands  of  the  Dakotas,  climatic  and  geologic 
conditions  have  retarded  plant  growth  and  soil  development.    Here  and  in 
some  of  the  high  mountainous  regions  the  rate  of  natural  geologic  ero- 
sion far  exceeds  the  rate  of  soil  formation.     It  is  essential,  therefore, 
in  evaluating  sedimentation,  to  properly  differentiate  between  normal 
erosion  rates  and  those  rates  that  are  responsive  to  our  use  of  the  land. 

Accelerated  Erosion 

Records  obtained  at  the  Conservation  Experiment  Station  at  Bethany, 
Mo.,  for  the  10-year  period  1931-19^0,  illustrate  the  effects  of  land  use 
upon  rates  of  erosion.    At  this  station  10  adjacent  plots,  6  by  72.6  feet 
in  size,  were  established  on  an  8  percent  slope  of  Shelby  loam  soil.  Soil 
and  water  losses  from  these  plots  were  measured  from  different  land  uses. 
It  was  found  that  soil  loss  from  bluegrass  sod  amounted  to  0.l6  ton  per 
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acre  annually  as  compared  to  50.93  tons  per  acre  annually  from  land  in 
corn  planted  up  and  down  the  slope  (l8).    Erosion  on  the  land  in  corn  was 
3l8  times  greater  than  erosion  on  land  in  grass.    If  soil  were  lost  over 
an  area  of  one  square  mile  at  the  same  rate  as  from  the  corn  plot,  the 
loss  would  be  equivalent  to  2^.9  acre-feet  or  nearly  one-half  inch  of 
sediment  annually  from  the  entire  area,  "based  upon  a  dry  weight  of  60 
pounds  per  cubic  foot.    By  comparison,  the  loss  from  land  in  grass  would 
be  only  about  0.078  acre -foot  per  square  mile  annually. 

Some  80,000  square  miles  of  soils  in  the  Missouri  River  Basin  are 
loessial  derivatives  or  closely  associated  types.    They  are  located  prin- 
cipally in  western  Iowa,  eastern  and  south  central  Nebraska,  northwestern 
Kansas,  and  along  the  river  in  Missouri  and  Kansas.    A  Conservation  Ex- 
periment Station  was  established  at  Clarinda,  Iowa,  in  1931  to  study  fac- 
tors affecting  losses  in  soil  and  water  and  the  development  of  practical 
methods  for  controlling  these  losses  in  the  Missouri  Valley  loessial  soil 
region.    At  this  station  measurements  on  a    one-hundredth  acre  control 
plot  of  Marshall  silt  loam  having  a  9  percent  slope,  in  continuous  corn, 
showed  an  average  annual  soil  loss  of  38.3  tons  per  acre  for  the  10-year 
period  1933-^-2  (5)-    The  average  annual  soil  loss  from  similar  and  adja- 
cent plots  in  a  3-year  rotation  of  corn-oats-clover  was  11. 3  tons  per 
acre  for  the  same  period.    The  rotation  loss  was  30  percent  of  the  average 
loss  from  continuous  corn.    Losses  from  the  rotation  plots  when  in  corn 
averaged  l8.k  tons  annually,  or  about  ^8  percent  of  those  from  continuous 
corn.    Annual  soil  losses  from  the  rotation  plots  when  in  oats  averaged 
10.1  tons  per  acre  and  ^.k  tons  per  acre  when  in  clover.    At  this  station 
the  average  annual  soil  loss  from  a  similar  plot  when  in  continuous  blue- 
grass  was  0.03  ton  per  acre;  the  loss  from  the  comparable  plot  in  contin- 
uous corn  was  over  1270  times  greater. 

Studies  on  sample  plots  on  the  upland  loess  soil  of  northern  Missis- 
sippi further  illustrate  the  acceleration  of  erosion  resulting  from 
changes  in  land  use.    Here,  at  the  time  of  the  Yazoo  River  flood  in  1931-32, 
when  27  inches  of  rain  fell  during  the  storm  period,  erosion  on  cultivated 
fields,  expressed  as  soil  loss,  amounted  to  3^  tons  per  acre.    During  the 
same  period,  and  under  the  same  rainfall  conditions,  soil  loss  from  an 
undisturbed  oak  forest  was  only  75  pounds  per  acre  (10).    In  other  words, 
erosion  on  the  cultivated  field,  which  in  this  case  was  equivalent  to 
about  l6.7  acre-feet  per  square  mile,  was  over  900  times  greater  than  on 
the  wooded  area. 

Measurements  with  an  apparatus  for  simulating  natural  rainfall  have 
illustrated  the  effects  of  overgrazing  on  erosion  of  range  lands  in  the 
Boise  River  Watershed  in  Idaho.     It  was  found  that  erosion  expressed  as 
soil  loss,  on  virgin  bunchgrass  range  land,  amounted  to  6  pounds  per  acre, 
an  almost  negligible  quantity  in  comparison  to  the  losses  measured  from 
overgrazed  areas  in  the  same  vicinity.    Soil  losses  from  areas  of  annual 
grasses  such  as  cheat  and  chess,  needlegrass-lupine,  and  annual  weeds, 
which  have  succeeded  the  bunchgrass  on  overgrazed  ranges  in  the  area, 
amounted  to  2017,  ^785,  and  15,280  pounds  of  soil  an  acre  respectively  (10). 
Erosion  was  increased  more  than  2,500  times  in  the  change  to  annual  weed 
cover  which  followed  overutilization  of  the  native  virgin  vegetation. 


At  the  Rocky  Mountain  Forest  and  Range  Experiment  Station,  measure- 
ments of  erosion  on  plots  covered  "by  native  bunchgrass  have  shown  the 
rate  of  erosion  to  be  about  2.3  times  greater  on  heavily  grazed  areas 
than  on  areas  where  grazing  was  excluded  (13)- 

Abundant  evidence  shovs  not  only  that  man's  use  of  the  land  has 
materially  accelerated  rates  of  land  surface  erosion,  hut  also  that  much 
of  the  gullying,  valley  trenching,  and  arroyo  cutting  in  the  Missouri 
and  other  western  "basins  is  likewise  closely  associated  with  use  and 
occupancy  of  the  land.     In  an  exhroistive  study  of  the  history  of  gully 
development  in  the  arid  and  semi-arid  southwest,  Thornthwaite,  Sharpe, 
and  Dosch  (22)  have  shown  many  instances  where  accelerated  erosion  in 
the  form  of  valley  trenching  and  gully  development  followed  shortly  after 
the  introduction  of  heavy  grazing  in  the  contributing  watersheds .  Simi- 
lar instances  of  the  close  association  of  valley  trenching  and  gullying 
with  overutilization  of  range  lands  have  been  observed  in  Utah  and  re- 
ported upon  by  Bailey  and  Craddock  and  others  (1).     In  the  southeastern 
United  States  gullying  of  the  uplands  is  known  to  have  been  caused  by 
land  clearing  and  cultivation  (11).    Similarly,  the  formation  of  trench- 
type  gullies  throughout  the  Little  Sioux  River  Watershed  in  western  Iowa 
may  be  attributed  in  part  at  least  to  development  of  intensive  agriculture 
in  the  area. 

Entrenchment  of  the  valley  of  Five  Mile  Creek  in  the  Big  Horn  River 
Watershed,  in  Wyoming,  has  been  accelerated  by  man's  activity  in  the  area. 
Similarly,  changes  in  the  natural  stream  regimen  that  were  brought  about 
in  Gering  Drain  and  associated  drainageways  in  western  Nebraska  by  arti- 
ficial channel  development,  addition  of  irrigation  waste  water,  and  rapid 
runoff  from  adjacent  hillsides  have  resulted  in  an  enormous  acceleration 
of  normal  erosional  processes.    Erosion  of  other  stream  systems  in  the 
Missouri  Basin  has  been  accelerated  as  a  result  of  channel  straightening 
and  enlargement  for  drainage  improvements  and  flood  control.  Typical 
examples  are  the  Nemaha  River  in  Nebraska,  the  Soldier  and  Nishnabotna 
and  other  streams  in  Iowa,  and  tributaries  of  the  Grand  River  in  Missouri. 
Man's  influence  upon  the  erosion  cycle  is  not  limited  alone  to  what  he 
does  on  the  uplands  and  in  the  watersheds  of  streams,  but  his  works  on 
and  directly  affecting  the  channels  themselves  often  are  primary  factors 
in  disturbance  of  the  erosion  norm. 

It  is  recognized  that  accelerated  erosion  produces  abnormal  quanti- 
ties of  sand,  silt,  and  gravel  that  are  carried  from  fields  and  stream 
systems  and  deposited  at  lower  levels.    The  resulting  accumulations  of 
sediment  cause  impairment  of  drainage  and  the  fertility  of  soils  on  the 
lower  slopes  of  fields  and  on  bottomlands;  they  cause  abnormally  rapid 
filling  of  stream  channels  and  reservoirs,  with  consequent  damage  to 
water  supply,  water  power,  irrigation,  drainage  improvements,  navigation, 
and  flood-control  developments.    Deposition  of  sediment  on  roads  and 
highways  necessitates  expensive  maintenance.    Accumulation  of  erosional 
debris  in  irrigation  supply  canals  adds  to  the  cost  of  agricultural 
production. 
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elation  of  Sed.ir.icnt  Production  to  Erosion 

Sediment  is  an  inevitable  consequence  of  erosion.    The  two  go  hand 
in  hand.    Erosion  is  the  source  and  sediment  the  product.    To  understand 
the  sediment  problem,,  it  is  first  necessary  to  understand  its  relation 
to  erosion.    Though  sediment  production  is  dependent  upon  erosion,  the 
terms  "rates  of  erosion"  and  "rates  of  sediment  production"  as  no::  com- 
monly used  in  soils  and  engineering  technology  are  seldom  synonymous. 
For  most  areas  they  are  different  numerical  values.     It  is,  therefore, 
important  to  properly  distinguish  between  them. 

The  rate  of  erosion  is  a  measure  of  the  total  or  gross  volume  of  soil 
or  soil  material  moved  from  a  fixed  position  within  or  on  any  area  per 
unit  of  time.    The  rate  of  sediment  production,  on  the  other  hand,  is  the 
net  amount  of  solids  moved  out  of  a  natural  watershed  area  of  unspecified 
size  per  unit  of  time.    As  commonly  used,  sediment  production  excludes 
removal  of  dissolved  matter  and  removal  by  wind  action. 

Movement  of  soil  by  erosional  processes  for  only  short  distances 
causes  losses  of  major  economic  consequences.    The  on-site  effects  of 
erosion  upon  soil  productivity,  crop  yields,  and  range  capacity  are  well 
known.    The  benefits  to  society  of  erosion  control  measures  and  programs 
are  widely  accepted.    The  necessity  of  erosion  control  is  obvious. 

Sediment  problems  arise  most  often  because  of  deposition  of  the  pro- 
ducts of  erosion.    Usually  deposition  takes  place  at  some  point  removed 
from  the  source  of  sediment.    Unlike  erosion,  therefore,  sediment  causes 
primarily  off-site  problems.    Some  of  the  eroded  material  may  be  trans- 
ported only  a  short  distance,  perhaps  only  a  few  feet,  before  coming  to 
rest  on  flatter  slopes  in  the  same  field  where  it  originated.  Other 
portions  of  the  eroded  material  may  be  deposited  on  fans  and  bars  at 
changes  in  slopes  of  small  channels  and  waterways,  in  the  valleys  of 
smo.ll  tributaries,  or  on  the  flood  plains  of  larger  streams.    But  some 
of  the  eroded  material  may  never  be  deposited  in  the  watershed  of  its 
origin  and  becomes,  instead,  the  sediment  load  of  the  rivers  of  major 
drainage  basins  before  being  dumped  into  the  seas . 

Deposition  at  any  one  place  in  :.  watershed  or  the  sediment  load  dis- 
charged from  a  watershed  is  seldom,  if  ever,  a  measure  of  gross  erosion 
within  the  watershed.    The  sediment  load  of  streams  represents  only  that 
part  of  the  products  of  gross  erosion  which  has  escaped  deposition  up- 
stream.   The  accumulation  of  sediment  in  a  reservoir  represents  only 
that  part  of  gross  erosion  which  actually  reached  the  reservoir  and  was 
trapped  by  it.    Sediment  is  the  erosion  residuum  at  the  point  of  measure- 
ment . 

The  measured  erosion  residuum  may  or  may  not  represent  all  the  sedi- 
ment reaching  the  point  of  measurement .    Most  sediment  measurement  tech- 
niques used  individually  do  not  reflect  total  sediment  load.  Suspended 
load  measurements  usually  do  not  include  the  quantity  of  coarse  material 
moving  near  the  stream  bed.    Reservoir  sedimentation  surveys  usually  do 
not  reflect  the  amount  of  very  fine  or  colloidal  sediment  passing  through 
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the  reservoir  or  discharged  ever  the  spillway.    Upland  deposition  and 
stream  and  valley  sedimentation  surveys  usually  include  only  the  coarser 
and  heavier  particles  of  the  eroded  soil  and  do  not  account  for  the 
sediment  passing  downstream.    Sediment  production  of  a  watershed,  then, 
is  the  measured  erosion  residuum,  modified  or  corrected  as  may  he  re- 
quired, to  reflect  the  total  sediment  load  at  the  point  of  measurement. 

Erosion  expressed  in  terms  of  soil  lost  from  plots,  individual 
fields,  gullies,  eroding  stream  systems,  or  from  other  sources  in  a 
watershed  is  not  within  itself  a  measure  of  sediment  production  of  the 
watershed.    Too  often  records  of  soil  loss  obtained  from  plot  studies 
have  "been  erroneously  interpreted  as  a  measure  of  sediment  supply  with 
respect  to  some  point  of  damage  lower  in  the  watershed.    Similarly,  sedi- 
ment carried  by  a  stream  or  accumulated    in  a  reservoir  has  been  errone- 
ously interpreted  as  a  measure  of  erosion  in  the  watershed. 

Studies  by  the  Soil  Conservation  Service  on  30  small  reservoirs  and 
their  watersheds  in  the  loessial  soil  region  of  western  Iowa  and  eastern 
Nebraska  show  that  computed  gross  erosion  within  the  watersheds  far  ex- 
ceeded the  amount  of  sediment  reaching  the  reservoirs  (9)'    In  this  study 
the  amount  of  sediment  deposited  in  the  reservoirs  was  measured.  From 
information  on  soil  type,  slope  length  and  degree,  land  use,  and  the 
kind  and  amount  of  conservation  practices,  the  annual  rate  of  sheet  ero- 
sion was  computed  for  each  of  the  watersheds.    This  computation  was 
based  upon  empirical  expressions  derived  from  plot  studies  which  relate 
the  rate  of  erosion  to  each  of  the  primary  causal  factors  (15)*    In  ad- 
dition, the  annual  rate  of  gully,  streambank,  and  roadbank  erosion  was 
determined  by  comparison  of  aerial  photographs  and  other  means  in  each 
of  the  watersheds.    The  total  volume  of  gross  erosion  within  the  water- 
shed during  the  period  of  sedimentation  record  was  then  compared  with  the 
total  volume  cf  sediment  in  the  reservoirs . 

It  was  found  that  the  quantity  of  sediment  deposited  in  reservoirs 
having  watersheds  less  than  0.1  square  mile  in  area  was  about  one-half 
the  estimated  gross  erosion.    In  watersheds  of  from  0.1  to  0.5  square 
mile,  the  quantity  was  approximately  one-third  of  the  estimated  gross 
erosion.    In  watersheds  of  0.5  to  2.0  square  miles,  the  amount  of  sedi- 
ment deposited  in  the  reservoirs  was  only  about  one-fourth  of  the  esti- 
mated gross  erosion. 

It  is  apparent  that  sediment  production  in  any  particular  soil  and 
climatic  region  is  affected  not  only  by  the  erosional  processes  of  the 
region  but  by  the  size  of  watershed  also.    Variations  in  rates  of  sedi- 
ment production  with  watershed  size  are  further  shown  by  figure  1.  In 
this  graph  the  average  annual  rate  of  sediment  production  in  tons  per 
square  mile  of  drainage  area  is  plotted  against  drainage-area  size.  The 
watersheds  range  from  slightly  less  than  two  square  miles  to  279>5°° 
square  miles  in  area.    The  records  are  from  widely  scattered  parts  of  the 
country.    The  data  used  in  plotting  the  graph  are  shown  in  table  1. 

Two  features  of  figure  1  are  strikingly  apparent.    One  is  the  wide 
range  in  values  of  sediment  production  for  any  drainage  area  size,  and 


V3 y v  39VNivaa  jo  3iiw  3yvnos  uid 

NOUOnaOMd  1N3WI03S  1VONNV  39VH3AV 


TABLE  I.    REPRESENTATIVE  RECORDS  OF  SEDIMENT  PRODUCTION  ±J 


STATE 


RESERVOIR 
OR 

SEDIMENT  STATION 


LOCATION 


STREAM 


MAJOR  BASIN 


SIZE  OF 
DRAINAGE 
AREA 


AVERAGE  ANNUAL 
SEDIMENT  PRODUCTION 
PER  SQUARE  MILE  OF 
WATERSHED 


PERIOD 

OF 
RECORD 


Sq.  Mi. 


Acre-Feet 


Tons 


Year  s 


1 1 1 i  noi  s 

Pittsf ield 

1.78 

3.54 

3,090 

21.5 

Kansas 

Lake  Tcnganoxie 

Ni ne  Mile  Creek 

MISSOURI 

3.83 

2.53 

3,  386 

16.  1 

Montana 

Baker 

Sandstone  Creek 

Ml SSOUR 1 

5.2 

1.74 

1,480 

29.  1 

Kansas 

Lake  Olathe 

Cedar  Creek 

MISSOURI 

5.97 

2.33 

2,923 

17.0 

Kansas 

Mission  Lake 

Mission  Creek 

MISSOURI 

II.* 

2.00 

2,705 

13.0 

V  i  rg  i  n  i  a 

Barcroft 

Holmes  Run 

Potomac 

14.  5 

0.26 

332 

23.  1 

Ok  1  ahoma 

Lake  C 1 i  nton 

Turkey  Creek 

Washita 

23.0 

2.61 

3,600 

7.4 

A  1 abama 

Lake  Harris 

Ye  1  low  Creek 

Mobi  1 e 

30.0 

0.24 

312 

6.75 

No  rt h  Caro  1  i  na 

High  Point 

Deep  River 

Cape  Fear 

62.8 

0.50 

544 

10.25 

South  Dakota 

Lake  Hurley 

Little  Cheyenne  Creek 

MISSOURI 

70.0 

0.  12 

102 

4.5 

A  I abama 

Bay  v  i  ew 

Vi  1  1  age  Creek 

Mob  i 1 e 

72.3 

1.34 

1,769 

24.6 

Wi  scons  i  n 

Coon  Creek  2/ 

Coon  Creek 

Coon 

77.2 

0.61 

801 

6.0 

Co  1 orado 

Tel  ler 

Turkey  Creek 

Arkansas 

78.8 

0.68 

1 ,  120 

28.9 

Ca  1  !  forn  i  a 

East  Park 

Stony  Creek 

Sac  ramento 

98.9 

0.21 

283 

35.2 

Ca  1  i  fo  rn  i  a 

Mo  rena 

Cottonwood  Creek 

So.Cal i  f .  Coast 

1  12 

2.56 

3,340 

25.7 

Ohio 

Senecav  i 1 1 e 

Seneca  Fork 

Musk  i  ngum 

1  15 

0.94 

1 ,026 

8.3 

Co  1 o  rado 

Muddy  Creek 

Muddy  Creek 

Arkansas 

154 

0.53 

877 

20.0 

South  Caro 1 i na 

South  Tiger  River _£/Tiger  River 

Santee 

174 

0.68 

727 

4.25 

Ca  1  i  forn  i a 

Pardee 

Tuolumne  River 

San  Joaquin 

383 

0.  15 

206 

14.0 

Co  1 o  rado 

Kenwood 

Cherry  Creek 

MISSOURI 

387 

0.30 

493  4J 

3.25 

Ok  1 ahoma 

Lake  Spavinaw 

Spavinaw  Creek 

Neosho 

400 

0.27 

884 

11.0 

Co  1  orado 

Cucharas 

Cucharas  River 

A  rkansas 

608 

0.84 

1.464  SJ 

26.0 

Oregon 

Thief  Val ley 

Powder  River 

826 

0.083 

109  6J 

16.9 

1 1 1 i  no  i  s 

Lake  Decatur 

Sangamon 

1 II i  no  i  s 

906 

0.24 

269 

24.2 

Texas 

Lake  Da  1 1  as 

Elm  Fo  rk 

Tri  n  ity 

1  ,  174 

1.13 

1,300 

10.5 

West  Vi  rg  i  n  i  a 

Tygart 

Tygart  River 

Monongahe 1  a 

1,  182 

0.05 

51 

7.0 

Ari  zona 

Lake  Pleasant 

Agua  Fria 

Colorado 

1,460 

0.43 

698 

12.9 

Wyom  i  ng 

Buffalo  8i 1 1 

Shoshone  River 

MISSOURI 

1 , 470 

0.35 

457  7j 

31.0 

Ok  1 ahoma 

Fort  Supply 

Wo  1  f  Creek 

Canad  i  an 

1,735 

0.  1  1 

I8C  aj 

6.5 

Montana 

Tongue  River 

Tongue  River 

MISSOURI 

1,740 

0.  19 

237 

9.4 

1  daho 

Arrowrock 

Boise  River 

Co  1 umb  i  a 

2.  170 

0.  1  1 

173 

32.6 

Idaho 

Black  Canyon 

Payette  River 

Snake 

2.540 

0.  13 

172 

12.0 

Ok  1 ahoma 

Altus 

North  Fork  Red  River 

Red  River 

2.560 

0.42 

474 

7.5 

Ok  1 ahoma 

Great  Salt  Plains 

Salt  Fork  River 

Arkansas 

3.200 

0.59 

964  9J 

8.0 

Texas 

Neches  River  2J 

Neches  River 

Neches 

3.539 

0.096 

146 

17.  15 

New  Mexico 

A 1  amogo  rdo 

Pecos  River 

Pecos 

3,749 

0.94 

1,510 

6.9 

South  Dakota 

Bel  1 e  Fou rche 

Belle  Fourche  River 

MISSOURI 

4,  480 

0.067 

66  lOJ 

42.0 

Wyomi  ng 

Guernsey 

North  Platte  River 

MISSOURI 

5,500 

0.23 

262 

20.0 

Ari  zona 

Rooseve 1 t 

Salt  River 

Col  orado 

5,760 

0.74 

504 

37.0 

Ari  zona 

8a  rt  1  ett 

Verde  River 

Co  1 o  rado 

6,  160 

0.  33 

504 

2.0 

New  Mexico 

Conchas. 

South  Canadian  River 

Canad  i  an 

7,350 

0.33  3J 

786 

10.  1 

Ari  zona 

San  Carlos 

Gila  River 

Co  1 o  rado 

12,900 

0.26 

389 

18.  33 

Texas 

Possum  Kingdom 

Brazos  River 

Brazos 

14,066 

0.53 

670  nj 

7.75 

Texas 

Lake  Corpus  Christ  i 

Nueces 

Western  Gu 1 f 

16.800 

0.066 

51 

13.6 

Co  1  orado 

John  Martin 

Arkansas  River 

Arkansas 

19,000 

0.  17 

280  UJ 

8.  1 

Wyom  i  ng 

Elephant  Butte 

Rio  Grande  River 

Rio  Grande 

25,923 

0.55  3J 

749  nj 

32.3 

Texas 

Brazos  River 

Brazos  River 

Brazos 

34,810 

0.7  15 

1 ,092 

23.31 

Texas 

Lake  Texoma 

Red  River 

Red 

38, 290 

0.78 

1,019  14/ 

6.2 

Ari  zona 

Colorado  River  2/ 

Colorado  River 

Co  1  orado 

137,800 

1 .  1  1 

1.453 

16.0 

Arizona-New  Mex. 

Lake  Meade 

Colorado  River 

Co  1 o  rado 

167,800 

0.64 

899  15/ 

13.5 

South  Dakota 

Missouri  River  2  / 

Missouri  River 

MISSOURI 

279,500 

0.36 

479 

9.0 

/ /    From  suspended- 1 oad  measurements  and  reservoir-sedimentation 

su  rveys,  not  co  rrected  f o  r  bed  I oad,  t  rap-ef f  i  c  i  ency ,  channel 
aggradation,   mean   runoff,  etc. 

2J    Suspended- I oad  station. 

3/     Including  above  crest. 

4/    Based  upon  an  assumed  weight  of  75.6  pounds  per  cubic  foot. 

5/    Based  upon  an  assumed  weight  of  80.0  pounds  per  cubic  foot. 

6 /    Based  upon  an  assumed  weight  of  60.0  oounds  per  cubic  foot. 

7J    Based  upon  an  assumed  weight  of  60.0  pounds  per  cubic  foot. 
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the  other  is  the  negative  slope  of  the  pattern  of  plotted  points.  Vari- 
ations vertically  on  this  graph  indicate  the  effects  of  different  soils, 
slopes ,  land  use,  hydrologic,  end  other  characteristics  hearing  upon 
rates  of  erosion  in  the  individual  watersheds  and  discrepancies  inherent 
in  measurement  and  expression  of  the  sediment  data.    Slope  of  the  pat- 
tern indicates  that  net  sediment  production  per  unit  of  drainage  area 
decreases  with  increasing  size  of  drainage  area.    This  is  the  effect  of 
watershed  types,  extent  of  stream  channel  and  flood  plain  developments, 
variations  in  rainfall  intensity  and  peak  rates  of  runoff  --  factors 
which  in  combination  are  responsible  for  the  deposition  of  eroded  ma- 
terial in  the  watershed  above  the  sediment  measuring  station. 

Sediment  Sources 

The  sources  of  sediment  carried  by  streams  or  measured  as  deposited 
material  are  as  varied  as  the  types  of  erosion  in  the  watershed.  But 
the  relative  amount  of  sediment  derived  from  various  sources  becomes  ex- 
tremely important  when  considering  the  effects  of  conservation  measures 
and  watershed  treatments  upon  sediment  production  of  any  specific  water- 
shed area. 

Useful  techniques  have  been  developed  for  estimating  the  quantity 
of  sediment  derived  from  various  sources  and  various  parts  of  contrib- 
uting watersheds .    A  number  of  different  methods  have  been  employed, 
but  in  any  case  quantitative  determination  of  sediment  sources  is  a 
time-consuming  and  costly  process,  although  it  is  one  of  the  most  funda- 
mental elements  in  the  whole  sediment  problem. 

In  the  study  of  the  30  reservoirs  and  their  watersheds  in  the  loess 
hills  region,  the  Soil  Conservation  Service  found  that  sheet  erosion  was 
by  far  the  largest  single  source  of  sediment  in  the  watersheds  studied. 
In  nine  of  the  reservoir  watersheds  sheet  erosion  was  the  only  source  of 
sediment.    In  nine  other  watersheds  it  accounted  for  from  95  to  98  per- 
cent of  the  total  sediment .     In  only  five  of  the  watersheds  did  sediment 
derived  from  gully  and  channel  erosion  exceed  10  percent  of  the  total. 
Sediment  from  gully  erosion  or  sources  other  than  sheet  erosion  amounted 
to  as  much  as  28  percent  of  the  total  in  only  two  of  the  watersheds . 
These,  however,  were  all  small  upland  watersheds  in  which  the  reservoirs 
were  commonly  located  at  the  head  of  or  above  major  gullies.    The  contri- 
bution of  gullies  to  sediment  loads  of  streams  of  larger  watersheds  in 
this  area  may  be  considerably  greater  than  these  results  would  indicate. 

Other  studies  have  shown  much  larger  proportions  of  total  sediment 
being  derived  from  eroding  channels  and  gullies.    Sloan  has  cited  some 
work  by  the  Department  of  the  Interior  which  shows  that  about  90  percent 
of  the  total  sediment  production  of  Five  Mile  Creek  watershed  in  Wyoming 
originates  within  the  stream  bed  itself  with  less  than  10  percent  coming 
from  other  erosion  in  the  watershed  (17).    This  may  be  an  extreme  condi- 
tion, but  it  is  no  more  unreal  than  the  other  extreme  where  all  of  the 
sediment  is  derived  from  sheet  erosion. 

In  a  survey  to  develop  a  program  for  runoff  and  water  flow  retarda- 
tion and  soil  erosion  prevention,  authorized  by  the  Flood  Control  Act  of 
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June  22,  1936,  and  amendments,  the  Soil  Conservation  Service  and  the 
Forest  Service  have  estimated  the  relative  sediment  sources  within  the 
different  physical  land  units  in  the  Missouri  River  Basin  (19) •  The 
estimates  are  shown  in  table  2  and  the  physical  land  units  are  shown  in 
figure  2.    These  estimates  are  "based  largely  on  the  Judgment  of  experi- 
enced soil  scientists,  engineers,  and  geologists  guided  "by  such  data  as 
were  available  in  19*+8  on  erosion,  sediment  production,  and  known  char- 
acteristics of  the  various  physical  land  units.    These  estimates  are  "be- 
lieved to  be  applicable  to  average  watersheds  about  50  square  miles  in 
size . 

Table  2  shows  that  the  estimated  quantity  of  sediment  derived  from 
sheet  erosion  ranged  from  25  to  97  percent  of  the  total;  the  proportion 
derived  from  gully  erosion  and  valley  trenching  ranged  from  k-  to  62  per- 
cent of  the  total;  and  the  proportion  derived  from  streambank  erosion 
ranged  from  1  to  4  5  percent  of  the  total.    Flood  plain  scour,  though  not 
apparent  in  fourteen  of  the  physical  land  units,  amounted  to  as  much  as 
5  percent  of  the  total  in  one  pc,rt  of  the  Basin. 

Generally  speaking,  the  proportion  of  sediment  derived  from  sheet 
erosion  decreases  in  the  more  arid  parts  of  the  Basin.    East  of  about 
the  20-inch  rainfall  line  sheet  erosion  appears  consistently  to  be  the 
greatest  contributor  of  sediment.    But  west  of  this  general  division, 
the  proportion  of  sediment  from  gullying,  valley  trenching,  and  stream- 
bank  erosion  increases  and  these  are  believed  to  be  the  dominant  sources 
in  a  number  of  the  western  physical  land  units. 

Sediment  Problems 

The  principal  types  of  sediment  damage  in  the  Missouri  Basin  are: 
(1)  damage  to  the  land  from  deposition  of  harmful  material;  (2)  damage 
to  bottomlands  by  swamping  or  the  impairment  of  surface  or  internal 
drainage;  (5)  loss  of  storage  in  reservoirs;  (h)  excessive  water  puri- 
fication costs  incident  to  removing  sediment  from  urban  and  industrial 
water  supply;  (5)  silting  of  drainage  ditches  resulting  in  excessive 
maintenance  costs;  (6)  maintenance  of  roads  and  highways  necessitated  by 
silting  of  road  ditches  and  blocking  of  culvert  heads,  causing  overflow; 
(7)  deposition  of  sediment  on  crops;   (8)  silting  of  irrigation  supply 
canals;  and  (9)  silting  associated  with  flood  damage  to  homes,  industrial 
and  other  properties. 

It  has  been  estimated  that  the  average  direct  sediment  damage  in  the 
Missouri  River  Basin,  upon  completion  of  construction  of  the  reservoirs 
authorized  under  the  Pick-Sloan  Plan,  will  amount  to  slightly  over 
$17,500,000  annually  (1*0.    Adding  to  this  on  estimate  of  the  proportion 
of  sediment  damage  included  in  flood  damages,  it  seems  not  unreasonable, 
on  the  basis  of  the  referenced  data,  that  sediment  damage  in  all  its 
forms  will  approximate  $^0,000,000  a  year  in  the  Missouri  River  Basin 
upon  completion  of  the  projected  engineering  developments.    Moreover,  thi 
takes  no  account  of  losses  of  natural  resources  such  as  reservoir  sites, 
but  expresses  only  the  estimated  losses  in  terms  of  the  cost  of  develop- 
ment.   It  is  equivalent  to  evaluating  soil  erosion  only  in  terms  of  de- 
creased crop  yields,  allowing  no  value  for  the  mounting  capital  loss 
involved  in  total  destruction  of  the  resource  base — the  soil. 


Table  2.  -  Estimated  Sources  of  Sediment  for  Average  Watersheds 
About  50  Square  Miles  in  Size  by  Major  Physical  Land  Units 
in  the  Missouri  River  Basin 
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Loss  of  reservoir  storage  capacity  by  sedimentation,  significant  as 
it  is,  is  only  one  of  the  types  of  sediment  damage  in  the  Basin.  Other 
types  of  sediment  damage  often  are  not  appreciated  in  discussions  of 
sediment  problems .    From  a  survey  of  damages  connected  with  the  south- 
eastern Nebraska  flood  of  May  1950  it  has  been  estimated  that  sediment 
damages  alone  amounted  to  about  $1,700,000,  none  of  which  was  loss  of 
reservoir  capacity.    This  was  a  near  record  fl<?^d,  but  the  area  affected 
was  less  than  one  percent  of  the  entire  Basin.    Flash  floods  are  common 
occurrences  in  the  Basin  and  sediment  damages  in  one  form  or  another 
usually  make  up  a  large  part  of  the  total  damages . 

Reporting  on  problems  of  silting  of    irrigation  supply  canals  and 
laterals,  Golze"  has  estimated  the  cost  of  removing  sediment  from  the 
120,000  miles  of  such  waterways  in  the  western  United  States  to  be  about 
$^,800,000  annually  (8).    This  estimate  is  based  on  actual  average  costs 
of  $^0  per  mile  in  19^8  on  2,590  miles  of  canals  and  laterals  in  repre- 
sentative Federal  reclamation  projects. 

For  the  U-year  period  19^5  to  19^8,  inclusive,  the  average  annual 
cost  of  removing  sediment  from  1,600  miles  of  canals  and  laterals  in 
the  North  Platte  Project,  in  Nebraska  and  Wyoming,  was  $^5  per  mile  and 
amounted  to  l6  percent  of  all  operation  and  maintenance  costs.  Other 
records  by  Golze'  give  the  cost  of  cleaning  J. 8  miles  of  Deaver  Canal 
on  the  Shoshone  project  in  northwestern  Wyoming  as  $1,020  per  mile  in 
19^5;  cleaning  laterals  on  this  same  project  cost  $50  per  mile  in  19^7; 
cleaning  29  miles  of  laterals  on  the  Belle  Fourche  project  in  South 
Dakota  cost  $85  per  mile  in  19^6;  cleaning  approximately  8  miles  of 
laterals  on  the  Milk  River  Project  in  northern  Montana  cost  about  $1^7 
per  mile  in  19^6;  and  cost  of  cleaning  between  50  and  75  miles  of  lat- 
erals on  the  Lower  Yellowstone  project  in  eastern  Montana  each  year 
during  the  period  1952  to  19*4-6,  inclusive,  averaged  $75  per  mile  (8). 

It  is  estimated  that  the  loss  of  storage  capacity  by  sedimentation 
in  existing  and  partially  completed  reservoirs  will  amount  to  at  least 
175> 000  acre-feet  a  year.    Table  5  lists  the  38  primary  reservoirs  in 
the  Basin,  including  those  under  construction  and  on  which  preconstruc- 
tion  work  was  scheduled  to  be  started  in  1950.    Also  shown  in  this 
table  is  the  estimated  original  capacity  of  the  reservoir  and  the  mea- 
sured or  estimated  annual  sediment  accumulation.    For  the  most  part 
these  are  the  multi-purpose  reservoirs  which  have  been  or  are  being 
built  under  various  Federal  government  programs.    As  shown  in  table  3> 
the  aggregate  sediment  accumulation  in  these  reservoirs  will  amount  to 
152,138  acre-feet  annually.    This  volume  of  sediment  is  equivalent  to 
the  water  required  to  irrigate  50, 000  acres  of  land.    It  represents  the 
storage  required  to  hold  6  inches  of  runoff  from  30^,000  acres,  or 
^4-75  square  miles.    In  addition  to  the  records  on  these  reservoirs,  rec- 
ords known  to  be  but  partially  complete  indicate  that  there  is  on  addi- 
tional 1,130  reservoirs  having  capacities  larger  than  25  acre-feet  which 
store  water  for  power,  irrigation,  flood  control,  recreation,  domestic 
water  supply,  and  other  purposes  in  the  Basin.    These  additional  reser- 
voirs are  accumulating  an  estimated  22,000  acre-feet  of  sediment  annu- 
ally.   Undoubtedly  a  more  complete  inventory  would  show  the  annual  loss 
to  be  considerably  greater  than  175^000  acre-feet.    The  loss  will  be 
greater  as  more  of  the  authorized  reservoirs  are  built. 


Q_  — 

o 


_<-> 
o- 


to,,  i 


:o 
■t— 

•z 
O 

o 


cc  - 


=  — 
zoo 
z  «x  z 

«t  O-  — 
O  O  — I 

UJ   

KZW 
«t  — 

z  >- 
—  co  CO 
1 —  CO 
CO  o 


_  o  >- 

°  o  o 


CO  _ 

o  9 

f  OCC 

o  ^ 

~  U.  CO 


3  O  —  OOOOO    IOO    IO  — 

OOOOOOOOOO    1    O    1          t    OOO    1  OOOOO 

^\0(f\o^^ocMO  w  o  in  <a  vo 

^          ^  f 

cn  cn 

>or?-ooooooo^"G»otoo—  oo  o  ~  ^  o  o  in  o 

T\  —  K-\.^-CNCQv£><N-COC0-l->  —  <N 
M  Ifl         -d-  r^i                      U  CN  ^    (1)  -  0> 
-     •                             1       .  T3 
—  \0                      *-  CN 

**—  o 

O  z 

3  coooooomoooooo 
^  i«n  —  o  —  oococoo  — 

0C0CDCNiflO^»0OOO>0O^ 

N"\        in  \£>  O  O  O   OOCM^fr^H^O  —  CNOO  —  *£>  *0  O  —  O 

-  O  (N  in  r»  —  cn  in          cm  —  m  -o      i^s  oi-oo^(N 

.     »     .    •                                ..  Q)           -         <D           *  - 

r-  o  m                       r-  z       iTi       z       —  cn 

^  ^  CN 

<y 

OOOOOOOOOO   CO  OOOOOOOOOOO 
OOOOOOOOOO  —  o  oooooo^ooor-o 

mmOOOOOOOOEO        O  O   **  O  O  *0  —  v£>  O  CO  O 

O       K>  m 


1  O  *£>  CN  O  O 
I  CN  CN  O 

|    —  GO  CN 


O  \C  O  HI  O 

r-  in  m  r-  o 

—  CM  CO  \0 


CN  


ooooooooo 
ooooooooc— 
ooooooooooooooo 


*o^|      n|  ^| 


 u 

OOOOOOOOOOOOOO  0) 
^'"'OOOOOOOOOOOO  C 
"OOOOOOO- 


OOOO 

o  o  o  o 
o  o  o  o 


o  o  o  o  o  o 
o  o  o  o  o  o 
o  o  o  o  o  o 


—  rr\  —  O  O  iTi  ^  O—  Or-^O^C  —  LT»r-fOC\JOOOOr~-  \o 
CNO*00OK^r^C0K^M-\r-  —   -tfCNOCN^OOi^O  —  ^*  o        +'  00 


I  —  r-  co»OfNrON'*r*ioco 
I  CO  CN  CM  lO  o  -  in  o>  —  CN 
I    -^-CTi  CDvOlTiCNO^OCOCOCO 


—  CN  —  —  ■<*  ro 


CN  —  —  Cs|  CN  —  CO  iO  fO 
—  CM  


c  i  i  c  c  c  s 


CNC0'tlfHfi'O0i*0O> 
CN  —  CN        —  — 


T3"OC5cCCCCCC? 


I!"D"OD"D"DX)-D"0"DI! 
OOOOOOOOOOO 


!/)Vltf)Vltf)U)U)tfl(flUllOlO 


TJ  — 

—  TJ  T3  "O 
O    C  —  —  — 


01CC010101CT3 


c  - 

o 

O  oi  in 


-    c   c   c  -  — 


O    O    0)  C 


oicoioioiuioioioic 


ccccccc- 


O    O    O  01 


O-m  5*-0+->OO0OO0O+J 


fflfflfflfflfflfflfflfflfflfflfflfflcyfflfflffli- 


O    O    L  l- 


C    i-    C    (0    C  0) 


fflOOlOOCJUOOOO) 


o  <a  o  a> 


oua)cua)oa)0>»-' 

I      I    T>  "D  "O     I  I 


r^O^OO  —  —  —  (N  CN 
^t^CN  —  —  CN 


•<*         ->  — 


0)  a> 


c  tz  c  a> 
o  o  o  i  


>>  o 

0)  o 

m  T3 


a:  cr 

0)  Q) 

+J  -*-» 

+->  +-» 

fl3  ffl 

0_  0_ 


CCUCCCCCCCCU 
O  O  Z>  3  3  3  »- 


or  l  +j  qj  c  c 


—  —   ffl  O   «  ffl 


c  e  a:  »- 


+J   +J   "O  Ul 


-     L     L    L    a  1 
D    3    3    3  C  3 

o>»*-l-oo-«-,o<cJa)oooo-«-'0"o«j 


—  C^-«JCl-l_Lci/)OO(l)"O<l)(001^-S 

o  —  _ 
cc  S  z 


01  o   O  O  o 


—  e  —  £i  a)      a>  —  <o  o 


Ot-zzz52tozos 


X  2  2  0.  2  2 


01    0)    01  01 

oi  ui  oi  oi  A3   c  n} 
0>  i- 


o  x  d)£  o  -o  -o  >,  1) 


>>  "O 

O  —  —  C7)  — 

O  5  —  0) 

o  o  o  CO  CO 


•    0)    <D    E  O 

(/)  o:  or  i/)  o. 


o   cn  a>  i-  tc  m  cn  cn  cn 

CCDCCCCCC01 
—  —    O    ffl  —  —  —  —    ffl  ffl 
■HEEoi+^EEEE-MO) 

3OO01COOOOCC 
Q>*>*—  O  >>>*>%  £>Q 


ffl    O    ffl    ffl  ffl 


^  ^;  -s; 


ffl  ffl  ffl  ffl   ffl  ffl 

+-»+-»  4-»  +->+-•  +J 

O  O  o  o  o  o 

^  jc  jc  ^ 


^  O  ffl 
0V  01 

ffl  ffl 


ffl  ffl.c-c.c  ffl^^-c^:^:^ 


c   c   c   c  ffl 


£   £   e   E  O 

CCCi-33-Oi-l-33330000 


OQ)(UOOOOOOOCUOOOOOO 
52^ZOZZZ225Z^U^ZZZ0000(/lC/) 


£1   D    C  W 


■«-»  2£    01    0)  l- 
3    O  —         O  <U 


ffl   o  c 


ffl  o 


01   O   4)  *—   O  ffl 


CD    0)  —  +J 


(L>    3    3    ffl    O  ffl 


—  O  O 
E  (J  — 
0)  _  _ 


Q_    O    3    >»  —  01 
Q.  CO    L  O 


C    X    0)   T3  T3 

o  ffl  o  -c  a;  c 


>»  0) 
ffl  C  -O 
0)    ffl  — 


CDCOO— )t—  o_c/)<o.u_  ^:cdo2ujxo»— 


_    O  - 

0  C          01  XJ  —  3  1- 

01  fflOlCC^  f  CO  L. 
—  CC  C  -  O  II  >>  (0  o 
U<U         —          C-Q-O  OUr 

^-  -C    -  >ucfflxcn—  o 

ffl  ffl+Jffl  —  fflJZ  —  c  oc 
OOLl-OOC_)(/)CO<0< 


*/)    3  I— 

—    O  3 

0  —  <i> 

QJ  C  CO  "O 
C  —    01         O  c 

ajo<i>>i+jffli-<i> 

to  -c        c   c  —  fflE 

ffl  0)  o 

1  U  O- 


CO   ^  ^  CO  h 


»^    C  Uj   ^  Q.  -O 


^1  "^l^sl^j 


^    S    Si    D  ? 


C    v*    c;    k  "b 


'»    o   ^    ^  - 


ft   %  o 


o  «>  fc  e  o 


k   %    %  Si 


0  H  5  t.  o 
•o  ki  O  "b  *  *^ 


-  ■b 


—  (NrOrt-iAvDI^COOO  —  CN^-^cn^r-COC^O  —  (NrO^Ln>£)r-COO^O-CNK>'tini£lh-CO 
 —  —  —  CMCNCNCNCNCNCNCNCNCNfOiOrriiOiOrO^rOiO 


10 


Rates  of  Reservoir  Silting 

The  rate  of  reservoir  storage  depletion  is  dependent  not  only  upon 
the  rate  of  sediment  production  of  its  watershed  but  also  upon  other 
factors,  particularly  the  trap  efficiency  cf  the  reservoir  (2).  Having 
the  same  size  watershed  with  equal  rates  of  sediment  production,  a  res- 
ervoir of  small  capacity  will  lose  its  capacity  at  a  more  rapid  rate  than 
one  of  larger  capacity.    Since  rates  of  sediment  production  per  unit  of 
drainage  area  tend  to  be  higher  for  small  watersheds,  reservoirs  on 
small  watersheds,  if  they  are  to  have  the  same  useful  life,  generally 
will  require  a  larger  capacity-watershed  (C/w)  ratio  than  those  on  larger 
watersheds . 

The  effect  of  the  C/W  ratio  upon  rates  of  reservoir  storage  deple- 
tion is  shown  by  the  records  of  reservoir^sedimentation  surveys  listed 
in  table  k.    This  is  a  selection  of  representative  reservoirs  having 
capacity-watershed  ratios  ranging  from  3  to  more  than  1,000.    The  data 
are  shown  graphically  by  figure  3  where  percentage  annual  storage  loss 
is  plotted  against  C/W  ratio. 

The  wide  range  in  rates  of  storage  loss  for  any  particular  C/W 
ratio  indicated  by  figure  3  reflects  differences  in  rates  of  sediment 
production  of  the  various  reservoir  watersheds.    The  negative  slope  of 
the  pattern  of  plotted  points,  other  factors  being  equal,  shows  an  in- 
crease in  rates  of  storage  loss  as  the  ratio  decreases. 

In  designing  a  reservoir  for  longevity,  therefore,  the  C/W  ratio 
as  well  as  the  probable  quantity  of  sediment  to  be  dealt  with  must  be 
taken  into  account .    This  principle  applies  not  only  to  small  reservoirs 
but  to  large  ones  as  well. 

The  effects  of  sediment  upon  the  useful  life  of  a  reservoir  is  also 
dependent  upon  the  distribution  of  sediment  in  the  storage  basin.  A 
large  number  of  reservoir  sedimentation  surveys  show  that  sediment  is 
commonly  deposited  at  all  levels    in  the  reservoir  pool.    Deposition  is 
frequently  noted  first  in  the  headwater  reaches  of  the  reservoir  but  is 
also  found  from  the  head  of  backwater  to  the  dam.     In  many  reservoirs 
provision  is  made  for  sediment  in  dead  storage  areas  at  the  lowest 
levels  of  the  basin,  but  because  of  the  nature  of  sedimentation  such 
pools  may  not  be  completely  filled  until  a  large  part  of  the  total  res- 
ervoir storage  is  exhausted.    Recent  studies  on  Lake  Mead  behind  Hoover 
Dam  on  the  Colorado  River  have  shown  that  57-5  percent  of  the  measured 
sediment  was  deposited  in  the  active  storage  area,  at  elevations  above 
that  specifically  reserved  for  sediment. 

Effects  of  Reservoir  Silting 

Evaluation  of  the  economic  effects  of  reservoir  silting  is  a  matter 
of  considerable  controversy.     It  is  obvious  that  evaluation  of  storage 
losses  should  take  into  r.ccount  the  services  rendered  by  the  reservoir. 
Costs  of  construction  of  the  reservoir  alone  does  not  seem  to  reflect 
its  true  value.    Once  a  reservoir  is  built,  whether  it  be  for  irrigation, 
flood  control,  power,  urban  or  domestic  water  supply,  or  to  serve  other 
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purposes,  it  has  an  immediate  effect  upon  the  whole  economy.  People 
become  dependent  upon  it.     Industries  develop,  new  farming  regions  may 
spring  up  or  other  areas  may  he  farmed  free  from  flood  hazards .  Towns 
and  cities  prosper  and  grow. 

Reservoir  sites  are  an  irreplaceable  natural  resource  and  there  is 
a  definite  limit  to  the  number  of  feasible  sites  for  major  developments 
in  any  area.    Even  where  alternative  sites  are  available,  replacement 
of  sediment  filled  storage  becomes  increasingly  more  expensive  since  the 
most  desirable  dam  sites  are  ordinarily  the  first  to  be  utilized. 

Control  of  Sediment  Production 

How  much  can  conservation  measures  and  watershed  treatment  reduce 
rates  of  sediment  production?    Sediment  production  is  the  product  of 
many  interrelated  variables.     It  depends  upon  soil  factors,  slopes,  cli- 
matic and  hydrologic  factors,  size  and  shape  of  the  watershed,  the  na- 
ture of  channels  and  the  density  of  channel  development,  rates  of  gullying 
and  rates  of  streambank  erosion,  kind  and  density  of  land  cover,  use 
made  of  the  watershed,  and  particularly  the  kind  and  amount  of  conserva- 
tion measures  in  the  contributing  area. 

Control  of  sediment  production  from  any  watershed  involves,  first 
of  all,  studies  to  determine  the  amount  of  sediment  produced  by  the 
watershed  and  the  relative  amounts  of  sediment  from  the  various  erosional 
processes  in  the  watershed.    Once  this  basic  information  is  available, 
the  problem  reduces  itself  to  that  of  designing  a  program  for  the  water- 
shed compatible  with  multiple  land  ownerships  for  the  purpose  of  either 
stabilizing  the  sediment  ".t  its  source  or  impounding  it  before  it  can 
cause  damage.    Usually  such  a  program  will  involve  not  single  practices 
but  many  combinations  of  measures.      An  adequate  sediment  control  pro- 
gram in  most  watersheds  will  involve  not  only  land  management  and  treat- 
ment but  structural  measures  as  well.    The  right  combination  of  measures 
and  practices  can  only  be  determined  by  study  of  the  individual  watersheds . 

Effects  of  Conservation  Measures  Upon  Erosion 

It  has  already  been  shown  that  erosion  of  the  land  surface  is  ex- 
tremely responsive  to  land  use.    But  not  all  watershed  land  can  be  re- 
tired to  grass  or  planted  to  forests.     It  therefore  has  been  necessary 
to  devise  farming  practices  to  minimize  erosion  and  reduce  soil  loss. 
At  the  Erosion  Control  Experiment  Station  at  Bethany,  Mo.,  it  was  found 
in  plot  studies  that  the  average  annual  soil  loss  from  a  3-year  rotation 
of  corn,  wheat,  and  meadow  was  only  17.8  percent  of  the  loss  from  con- 
tinuous corn.    The  rotation  average  soil  loss  was  9,06  tons  per  acre  as 
compared  to  a  loss  of  50.93  tons  per  acre  from  continuous  corn  (18).  In 
analyzing  other  data  obtained  at  this  station,  Uhland  has  shown  that 
soil  loss  from  land  in  a  four-year  rotation  of  corn-oats-wheat-hay,  prop- 
erly limed  and  fertilized,  terraced,  and  contoured,  was  only  one  percent 
of  the  soil  loss  from  land  in  continuous  corn  with  no  treatments  ap- 
plied (23). 
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At  the  Clarinda,  Iowa,  Conservation  Experiment  Station,  the  rveragc 
soil  loss  from  an  unterraced  watershed  of  about  3  acres  in  a  rotation  of 
corn-corn-oats-clover,  for  the  8-year  period  193^-^1;  was  0.9^  ton  per 
acre  (5).    From  a  terraced  watershed  about  the  same  size  and  in  the  same 
rotation,  per-acre  soil  loss  averaged  0.11  ton  annually  during  the  same 
period.    This  difference  of  O.83  ton  per  acre  represents  a  reduction  of 
about  88  percent  due  to  treatment.    Numerous  data  from  other  stations  in 
various  parts  of  the  country  have  shown  that  the  effects  of  soil  and 
water  conservation  practices  arc  in  much  the  same  order  of  magnitude  as 
that  at  these  Missouri  Basin  stations  insofar  as  reduction  of  sheet  ero- 
sion is  concerned. 

From  the  preceding  discussions  it  is  apparent,  however,  that  reduc- 
tion of  sheet  erosion  on  a  field  basis  does  net  necessarily  mean  a  cor- 
responding reduction  in  sediment  production  on  a  watershed  basis. 

Generally  speaking,  the  effects  of  soil  and  water  conservation  mea- 
sures in  terns  of  on-site  benefits,  such  as  maintenance  of  yields  and 
farm  income,  preservation  of  the  soil  resource,  etc.,  are  much  better 
known  and  understood  than  are  the  effects  of  these  same  measures  in  terms 
of  off-site  benefits.    In  only  a  few  widely  scattered  watersheds  through- 
out the  country  has  it  been  possible  thus  far  to  obtain  a  reliable  mea- 
sure of  the  effects  of  conservation  measures  in  reduction  of  sediment 
supply.    Results  of  the  observations  that  have  been  made  are  most  encour- 
aging, however,  and  are  of  particular  interest  because  they  indicate  what 
probably  can  be  accomplished  in  many  parts  of  the  Missouri  Basin  by  ap- 
plication and  maintenance  of  needed  watershed  treatment  measures. 

Effects  of  Conservation  Measures  .and  Watershed  Treatments  Upon  Sediment 
Production 

Lake  Waco 

A  significant  reduction  in  the  rate  of  silting  in  Lake  Waco,  on  the 
Bosque  River,  Tex.,  was  found  to  have  resulted  from  changes  in  land  use 
and  the  application  of  conservation  practices  (3)«    This  reservoir  was 
completed  by  the  city  of  Waco  for  municipal  water  supply  in  April  1930. 
It  had  an  original  capacity  of  nearly  ^0,000  acre-feet  and  a  drainage 
area  of  1,666  square  miles.    During  the  period  of  5-9  years  up  to  Febru- 
ary 1936,  the  average  annual  rate  of  sediment  production  was  0.79  acre- 
foot  per  square  mile  and  the  annual  capacity  loss  was  3«35  percent.  Dur- 
ing a  second  period  of  11.8  years,  from  February  1936  to  December  19^7> 
the  average  annual  rate  of  capacity  loss  was  only  2.06  percent  and  the 
rate  of  sediment  production  was  0.^9  acre-foot  per  square  mile,  a  reduc- 
tion of  38  percent  from  the  average  during  the  earlier  period. 

The  quantity  and  rate  of  runoff  were  more  favorable  to  an  increase 
rather  than  a  decrease  in  the  rate  of  sedimentation  during  the  second 
period.    The  only  reasonable  explanation  for  the  decrease  in  sediment 
production  and  silting  appears  to  be  a  change  in  land  use  and  the  appli- 
cation of  conservation  practices.    Agricultural  census  data  show  that 
since  193^  approximately  200,000  acres,  or  nearly  19  percent  of  the  en- 
tire watershed,  was  converted  from  clean-tilled  crops,  mainly  cotton, 
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to  pasture.    The  average  size  of  farms  increased  from  198  to  233  acres, 
and  the  average  income  per  farm  increased  substantially.    Tenant  farming 
decreased  from  kk  percent  in  1930  to  28  percent  in  19^5  •     In  addition  to 
this  change  in  land  use,  conservation  measures  "based  on  individual  farm 
plans  were  carried  out  through  the  soil  conservation  district's  program 
"by  land  owners  and  operators  on  about  10  percent  of  the  land  in  the  water- 
shed.    Conservation  measures  of  one  type  or  another  were  applied  on  a 
considerable  additional  acreage  as  a  result  of  other  conservation  activ- 
ities . 

High  Point  Reservoir 

In  193^>  the  62.3-square  mile  drainage  area  of  the  High  Point,  N.C., 
municipal  reservoir  was  selected  as  an  erosion-control  demonstration  pro- 
ject of  the  Soil  Conservation  Service.    Between  193^  -nd  1938,  when  the 
project  was  placed  on  a  maintenance  basis,  the  following  practices  were 
applied:     approved  rotations  on  11. k  percent  of  the  area,  strip  cropping 
on  6.5  percent,  terracing  on  7-3  percent,  pasture  improvement  on  1.1  per- 
cent, tree  planting  on  0.9  percent,  meadow  outlets  and  disposal  areas  on 
O.h  percent,  and  kudzu  and  sericea  planting  on  0.1  percent.  Conservation 
farming  practices  of  one  kind  or  another  were  applied  on  about  35  percent 
of  the  drainage  area.    Practically  no  changes  in  land  use  were  made  dur- 
ing this  program. 

The  Soil  Conservation  Service  made  two  detailed  sedimentation  sur- 
veys of  this  reservoir,  one  in  193^  ^nd  one  in  1938.    The  surveys  showed 
that  the  average  annual  rate  of  capacity  loss  from  silting  dropped  from 
0.77  percent  during  the  first  period  to  0.59  percent  during  the  second. 

There  was  a  reduction  in  the  actual  rate  of  silting  of  this  reser- 
voir from  193^  to  1938  of  about  2h  percent .    Hydrologic  records  reveal 
that  there  was  at  least  an  equal  number  of  intense  storms  and  about  20 
percent  higher  total  runoff  annually  in  this  drainage  area  after  193^ 
than  before.    Under  normal  storm  and  runoff  conditions,  it  is  to  be  ex- 
pected that  the  reduction  in  the  annual  rate  of  silting  would  have  been 
greater,  probably  about  35  percent,  as  a  result  of  the  conservation 
farming  practices  applied  in  the  drainage  area  (6). 

Lake  Decatur 

In  1936  a  survey  was  made  of  Lake  Decatur,  on  the  Sangamon  River, 
the  city  water-supply  reservoir  of  Decatur,  111.    At  its  impoundment  in 
1922,  years  previously,  it  had  a  capacity  of  nearly  20,000  acre- 

feet.      The  survey  showed  a  capacity  loss  of  1  percent  annually.  A 
second  survey  10  years  later  showed  that  the  average  capacity  loss  had 
been  1.2  percent  annually,  a  20-percent  increase  in  the  rate  of  silting. 
The  amount    aid  rate  of  runoff  was  more  favorable  to  erosion  and  sedimen- 
tation during  the  first  period--but  the  surveys  showed  that  the  silting 
rate  was  actually  20  percent  greater  during  the  second  period.  After 
considering  all  of  the  possible  causes  for  this  increase,  it  could  be 
attributed  to  only  one  factor,  an  increase  in  intensity  of  land  use  for 
row  crops  from  h6  to  59  percent  and  the  lack  of  application  of  any  sub- 
stantial amount  of  conservation  treatment  (k) . 
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Lake  Issaqueena 

The  effects  of  conservation  measures  upon  rates  of  sediment  produc- 
tion are  further  shown  by  measurements  on  Lake  Issaqueena  in  Pickens 
County,  S.C.  (l6).    The    Soil  Conservation  Service  has  made  two  sedimen- 
tation surveys  on  this  reservoir,  the  first  in  19^1  and  the  second  in 
19^9.    For  the  2.9-year  period  represented  "by  the  first  survey,  the  av- 
erage rate  of  sediment  production  from  the  l2+-square-mile  watershed  was 
2.22  acre-feet  per  square  mile  per  year.    For  the  8.5-year  period  from 
19^1  to  19^9>  average  annual  sediment  production  as  represented  by  ac- 
cumulations in  the  reservoir  was  1.0j5  acre-feet  per  square  mile.  This 
reduction  of  53  percent  occurred  despite  the  fact  that  the  average  an- 
nual rainfall  was  higher  during  the  second  period  than  in  the  first 
period.    Flow-duration  curves  for  stations  in  the  same  physiographic 
area  show  that,  with  the  exception  of  low  frequency  flows,  there  was 
also  greater  runoff  during  the  second  period.      Mean  discharge  for  the 
period  193&  through  19^9  was  equalled  or  exceeded  15*5  percent  of  the 
time  during  the  first  storage  period  and  approximately  32  percent  of  the 
time  during  the  second  storage  period. 

Reduction  in  the  rate  of  sediment  production  of  Lake  Issaqueena 
Watershed  has  occurred  concomitantly  with  decided  improvements  in  con- 
dition of  the  watershed.    In  19kl}  about  53  percent  of  the  watershed  had 
moderate  to  good  erosion  protection  and  k~f  percent  had  poor  protection. 
In  19^9 >  approximately  73  percent  of  the  area  had  moderate  to  good  ero- 
sion protection  and  27  percent  was  classed  as  having  poor  protection. 
Undoubtedly  this  change  in  intensity  of  watershed  protective  measures 
has  been  largely  responsible  for  the  lower  rate  of  sediment  production. 

Lake  Olathe 

The  Soil  Conservation  Service  has  made  two  sedimentation  surveys  on 
Lake  Olathe,  the  water-supply  reservoir  for  Olathe,  Kans.    This  reser- 
voir and  its  6 -square-mile  watershed  is  located  in  the  Kansas  River  Basin 
about  20  miles  west  of  Kansas  City  (12).    The  first  survey  was  made  in 
1937  when  the  reservoir  was  If. 9  years  old,  the  second  in  19^-9  after  17.0 
years  of  operation,  giving  an  interval  between  surveys  of  12.1  years. 
The  average  annual  rate  of  sediment  production  was  1.9  acre-feet  per 
square  mile  of  drainage  area  for  the  first  period  and  2. 56  acre-feet  for 
the  second  period.    This  represents  an  increase  of  3^>7  percent.  Study 
of  the  causes  of  this  increased  rate  suggests  that  differences  in  rain- 
fall between  the  two  surveys  is  the  most  probable  explanation.    Both  -an- 
nual and  seasonal  rainfall  end  the  number  of  intense  storms  annually  and 
seasonally  were  significantly  greater  in  the  second  period  than  in  the 
first.    There  was  little  change  in  either  the  land  use  or  the  farming 
practices  followed  in  the  watershed  in  the  period  between  the  two  sur- 
veys (7). 

About  85  percent  of  the  sediment  reaching  the  Lake  Olathe  reservoir 
was  derived  from  sheet  erosion.    The  remainder  was  the  product  primarily 
of  gullying,  streombank  and  roadbank  erosion.     It  has  been  estimated 
that,  if  properly  applied  and  maintained,  the  soil  and  water  conservation 
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measures  that  would  be  recommended  as  a  part  of  a  normal  farm  land  con- 
servation program  in  this  watershed  would  reduce  the  rate  of  sediment 
production  by  about  85  percent.    It  is  believed  that  sediment  production 
could  be  reduced  still  further  by  the  addition  of  special  measures  re- 
quired for  control  of  the  eroding  gullies  and  banks  in  the  watershed. 

Jones  Creek  Reservoir 

In  many  watersheds  the  proportion  of  total  sediment  supply  derived 
from  sources  other  than  sheet  erosion  may  exceed  that  of  the  several 
observations  just  cited.    In  such  cases  additional  measures  either  for 
stabilization  of  sediment  at  its  source  or  for  storage  of  sediment  in 
the  watershed  are  required  for  effective  reduction  in  sediment  damage. 
Such  a  condition  is  well  illustrated  by  experiences  on  the  Jones  Creek 
Watershed  in  western  Iowa  (21).    This  watershed,  located  in  the  Missouri 
Basin  Loess  Hills,  lies  about  6  miles  southwest  of  Moorhead,  Iowa.  Its 
drainage  area  above  the  Soldier  River  bottomlands  is  2.26  square  miles. 
About  66  percent  of  the  watershed  is  rough  land  with  slopes  over  l6 
percent . 

There  were  no  settlers  in  the  Jones  Creek  Watershed  until  about 
1880.    When  the  land  was  first  settled  there  was  very  little  tillage. 
Stock  farming  was  practiced  for  many  years .    But  intensive  cultivation 
began  in  the  area  with  the  advent  of  World  War  I  and  higher  prices  for 
farm  products.    This  brought  on  an  acceleration  of  erosion  processes. 
Severe  sheet  erosion  and  gullying  started  about  1917-    By  19^0  large 
gullies  which  could  not  be  crossed  had  dissected  the  lower  part  of  the 
watershed.    The  upper  reaches  of  the  watershed  were  still  comparatively 
free  from  gullies,  but  gullies  were  advancing  headword  and  it  was  clear 
that  in  another  10  to  20  years  practically  all  of  the  good  valley  land 
would  either  be  destroyed  or  rendered  inaccessible  by  gullies. 

Problems  of  the  Jones  Creek  area  were  not  restricted  to  the  water- 
shed itself.    Severe  flood  and  sediment  damages  were  experienced  on  the 
Soldier  River  bottomlands  at  the  mouth  of  the  watershed.      A  ditch  about 
3,200  feet  long  was  dug  to  take  runoff  and  sediment  from  the  watershed 
across  the  flood  plo.in  to  the  river.    This  ditch  continually  filled  with 
sediment  and  soon  good  bottomland  had  to  be  taken  out  of  cultivation 
entirely  and  retired  to  pasture. 

In  order  to  alleviate  these  problems,  a  comprehensive  soil  and  water 
conservation  program  was  decided  upon  by  loco.l  landowners.    All  culti- 
vated land  was  converted  from  straight  row  to  contour  cultivation  with 
some  strip  cropping.    Improved  rotations  were  started.    Fifty  acres  of 
cropland  were  retired  to  pasture.    Thirty  acres  of  gullied,  overgrazed 
pasture  were  planted  to  trees.    Existing  pastures  were  improved.  Approx- 
imately one  mile  of  fence  was  relocated.    Eight  structures  were  built  in 
gullies  to  stabilize  erosion  and  control  sediment.    About  3  miles  of 
waterways  were  sloped  and  seeded.    A  reservoir  of  235  acre-feet  capacity 
was  built  for  sediment  storage,  flood  detention,  gully  control,  and  stock 
water  at  the  lower  end  of  the  watershed  where  Jones  Creek  empties  onto 
the  Soldier  River  bottoms.    About  9>^00  cubic  yards  of  sediment  were  re- 
moved from  the  Jones  Creek  ditch. 
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It  has  been  estimated  that  the  annual  rate  of  sediment  production 
from  the  Jones  Creek  watershed  was  21.3  acre-feet  per  square  mile  in 
19^0.     In  19^9  a  sedimentation  survey  was  made  on  the  desilting  and 
floodwater  retardation  reservoir.    The  measured  rate  of  sediment  produc- 
tion for  the  7-year  period  of  record  averaged  2.11  acre-feet  per  square 
mile  annually.    Trap  efficiency  of  this  reservoir  has  been  estimated  as 
85  percent.    Therefore,  the  indicated  rate  of  sediment  production  from 
the  watershed  was  2.5  acre-feet  per  square  mile  annually  for  the  period 
of  record. 

Reduction  in  sediment  supply  from  21.3  acre-feet  per  square  mile  to 
2.5  acre-feet  per  square  mile  annually  is  a  decrease  of  88  percent.  This 
is  the  reduction  attributable  to  stabilization  of  erosion  in  the  water- 
shed.   Insofar  as  the  primary  sediment  damage  associated  with  this  water- 
shed problem  is  concerned,  namely,  silting  of  the  Jones  Creek  ditch 
across  the  Soldier  River  flood  plain,  the  program  has  been  even  more  ef- 
fective.   Of  the  indicated  rate  of  sediment  production  only  O.h  acre-foot 
per  square  mile  annually  now  passes  from  the  watershed  to  the  flood  plain. 
Hence,  the  effect  of  this  comprehensive  watershed  treatment  program  has 
been  to  reduce  sediment  reaching  the  bottoms  by  98  percent. 

Principles  of  Watershed  Treatment  in  Aid  of  Sediment  Control 

Though  on  a  small  scale,  the  principles  of  watershed  treatment  in 
aid  of  sediment  control  are  strikingly  illustrated  by  this  experience  on 
Jones  Creek.    The  treatment  program  for  this  watershed  was  specifically 
and  objectively  designed  and  installed  for  the  dual  purpose  of  conser- 
ving the  watershed  lands  and  reducing  sediment  production  of  the  water- 
shed.   Such  purposes  are  not  incompatible,  but  complementary.  Since 
sediment  is  a  product  of  watershed  erosion,  reduction  in  erosion  of  the 
watershed  is  the  logical  first  approach  to  solution  of  the  sediment 
problem. 

What  has  been  done  on  the  Jones  Creek  Watershed  can  be  done  on 
larger  watersheds.    Increasing  the  size  of  watershed  increases  the  com- 
plexity of  the  problem  but  does  not  necessarily  introduce  any  additional 
variables . 

Sediment  control  by  watershed  treatment  is  dependent  first  of  all 
upon  development  of  a  sound  treatment  plan  for  the  watershed.    Such  a 
plan  must  be  based  upon  a  complete  inventory  of  watershed  factors,  both 
physical  and  economic .    Physical  factors  bearing  upon  watershed  planning 
include  meteorologic  and  hydrologic  factors,  physiographic  factors,  land 
use  factors,  and--when  planning  for  sediment  control — the  factor  of  sed- 
iment production,  the  latter  being  a  result  of  interactions  among  other 
physical  factors.    Economic  factors  involve  not  only  the  favorable  re- 
lationship of  costs  to  benefits  essential  in  justification  of  the  program 
so  far  as  the  sediment  problem  is  concerned,  but  also  the  effects  of  the 
program  itself  on  the  lands  where  it  is  applied. 

In  watersheds  where  most  of  the  sediment  comes  from  sheet  erosion, 
primary  emphasis  in  the  treatment  plan  should  normally  be  given  to  those 
land  use  changes  and  conservation  measures  necessary  for  control  of  sheet 
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erosion.    On  farm  land,  these  will  usually  involve  land  use  according 
to  use  capability,  crop  rotations,  strip  cropping,  terracing,  water  dis- 
posal systems  and  such  related  practices,  each  of  which  nay  be  an  essen- 
tial part  of  any  sound  farming  system.    On  range  land,  control  of  sheet 
erosion  revolves  around  proper  stocking;  and  the  primary  practices,  in 
addition  to  reseeding  in  some  areas,  are  fencing  and  the  development  of 
an  adequate  and  well-distributed  water  supply.    Fire  control,  selective 
harvest,  and  other  woodland  management  practices  are  essential  for  sta- 
bilization of  sheet  erosion  in  woodland  areas . 

When  considering  sediment  control  by  watershed  treatment,  effects 
of  recommended  practices  upon  the  land-use  economy  may  be  one  of  the 
primary  determinants  of  the  type  of  program.    The  program  must  be  fitted 
into  the  economic  structure  of  the  watershed  and  region.    By  and  large, 
the  program  of  land  treatment  must  be  built  around  the  prevailing  land 
use  and  the  type  of  farming  in  the  problem  area  watershed.    In  dominant ly 
agricultural  areas,  the  program  must  be  adapted  to  the  prevailing  type 
of  farming.    In  range  country,  conservation  measures  must  be  recommended 
with  full  understanding  of  their  effects  upon  range -carrying  capacity 
and  business  enterprise  of  the  area.    In  forested  regions,  where  the  so- 
ciety is  dependent  primarily  upon  lumbering,  recommended  conservation 
measures  must  be  designed  to  assure  a  continuing  replenishment  of  the 
income  source.    Whatever  the  enterprise  of  the  watershed,  where  the  land 
is  in  private  ownership,  the  effect  of  the  program  upon  individuals  will 
remain  the  key  to  its  success.    Application  of  the  recommended  program 
will  depend  upon  its  acceptance  by  the  individual  land  owners  and  opera- 
tors in  the  watershed. 

Some  adjustments  in  land  use  will  usually  be  necessary  in  any  water- 
shed.   But  the  effects  of  retirement  of  land  to  some  less  intensive  use 
can  usually  be  offset  by  more  intensive    use  of  other  lands  and  in  the 
long  run  overbalanced  by  the  effects  of  conservation  measures  in  main- 
taining and  increasing  production  on  the  better  classes  of  land  in  the 
watershed. 

In  watersheds  where  most  of  the  sediment  comes  from  gullying,  stream- 
bank  erosion,  valley  trenching,  or  related  types  of  erosion,  engineering 
works  designed  specifically  to  stabilize  the  erosion  process  will  usu- 
ally be  required.    In  some  of  the  gullied,  semiarid  portions  of  the  Basin 
no  amount  of  controlled  grazing,  even  the  exclusion  of  all  grazing,  can 
be  expected  to  result  in  adequate  stabilization  of  the  eroding  water- 
courses within  the  foreseeable  future.    From  the  standpoint  of  watershed 
treatment,  the  question  of  whether  or  not  present  conditions  have  re- 
sulted from  or  have  been  accelerated  by  use  of  the  watershed  lands  is 
somewhat  academic.    It  seems  clear  that  stabilization  and  control  will 
now    involve  structural  works  and  revegetation  in  the  gullies  end  in  the 
channels  themselves.    Either  that,  or  provisions  for  storage  of  sediment 
at  many  small  upstream  sites  in  the  watersheds  above  primary  reservoirs 
will  be  necessary  for  effective  reduction  in  sediment  damages  in  large 
segments  of  the  Basin. 

The  same  may  be  true  also  in  some  of  the  farming  sections  of  the 
Basin.    It  is  known,  for  instance,  that  gullying  is  a  primary  source  of 
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sediment  in  the  steep  loess  hills  adjoining  the  Missouri  River  in  western 
love.    Not  only  is  it  an  important  source  of  sediment,  but  gullying  has 
advanced  to  the  stage  where  deep  incisions  in  the  landscape  are  rapidly 
lowering  the  drainage  base  level.    This  is  resulting  in  an  acceleration 
of  runoff  from  the  uplands  and  the  rapid  formation  of  gully  laterals . 
Stabilization  of  gullying  in  such  areas  is  a  first  prerequisite  for  per- 
manency of  other  erosion  control  measures,  which  in  turn  depend  upon 
adequate  and  well-regulated  water  disposal  systems. 

Plans  for  sediment  control  on  watershed  areas  should  be  based  on  the 
premise  that  land  use  and  treatment  will  follow  the  basic  conservation 
principle  that  every  acre  of  land  should  be  used  within  its  capability 
and  treated  according  to  its  needs.    Almost  without  exception,  the  long- 
range  benefits  to  private  landowners  from  adopting  this  principle  will 
justify  whatever  costs  are  involved.     Because  of  immediate  or  short- 
range  expenditures  required  to  effect  needed  adjustments  in  land  use  and 
application  of  conservation  practices  as  well  as  the  need  for  education 
in  conservation  farming  methods,  public  aid  in  the  form  of  on-site  tech- 
nical assistance,  extension  education,  and  incentive  payments  are  provided 
through  existing  Federal  and  State  programs.    In  most  areas  of  the  Mis- 
souri River  Basin,  however,  land  treatment  measures  and  proper  land  use 
alone  are  not  sufficient  to  provide  adequate  sediment  control.  Additional 
measures,  such  as  major  gully  control,  channel  stabilization,  and  sedi- 
ment detention  structures  and  spreading  works  may  be  required.    In  many 
places,  the  primary  value  of  such  measures  is  not  to  the  individual  land- 
owner on  whose  land  the  measures  are  installed,  but  to  the  people  and 
industries  downstream  which  are  affected  by  sediment  derived  from  these 
sources  on  the  watershed.    It  is,  therefore,  a  public  responsibility  to 
provide  for  financing  such  part  of  the  cost  of  these  additional  measures 
as  cannot  be  justified  by  their  on-site  benefits.    In  principle,  these 
additional  costs  should  be  prorated  in  accordance  with  the  distribution 
of  benefits.    Where  benefits  accrue  directly  to  groups  of  landowners  or 
to  urban  areas,  they  might  be  expected  to  bear  a  proportionate  share  of 
the  costs.    Where  the  benefits  are  widespread  and  diffused,  as  in  the  case 
of  protecting  major  multiple -purpose  reservoirs,  it  may  be  reasonable  to 
assume  that  a  major  part  of  the  cost  for  their  protection  should  be  borne 
by  Federal  and  State  governments .    In  any  event,  sediment  should  be  rec- 
ognized as  a  critical  watershed  problem,  the  responsibility  for  which 
should  be  shared  jointly  by  land  owners  and  operators  on  eroding  lands, 
by  people  living  in  stream  valleys  and  served  by  threatened  reservoirs, 
and  by  the  general  public  which  has  a  stake  in  the  conservation  of  soil 
and  water  resources. 

Benefits  of  Watershed  Treatment 

Estimates  of  the  effects  of  watershed  treatment  in  reducing  rates 
of  sediment  production  in  the  Missouri  River  Basin  have  been  made  through 
surveys  and  investigations  of  the  Department  of  Agriculture.    In  the  sur- 
vey for  waterflow  retardation  and  soil  erosion  prevention  (19)>  a  com- 
prehensive program  of  watershed  treatment  in  the  interest  of  reduction 
in  floodwater  and  sediment  damage,  maintenance  and  protection  of  vege- 
tative cover,  and  conservation  of  soil  and  water  resources  in  the  Basin 
was  projected  and  evaluated.    Estimated  reduction  in  the  rate  of  sediment 
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production  ranged  fron  a  low  of  28  percent  in  physical  land  unit  F3&  "to 
a  high  of  7^  percent  in  physical  land  unit  Eka  (fig.  2).  Considering 
all  the  physical  land  units,  the  weighted  average  reduction  amounted  to 
60  percent.    This  applies  to  sediment  production  fron  avercge  50-squarc- 
nile  watersheds.    This  percentage  reduction  is  not  necessarily  to  he 
expected  at  large  downstream  reservoirs  without  additional  streanbank 
stabilization  on  larger  streams.    Such  work  was  not  contemplated  in  the 
Department  of  Agriculture  program. 

In  view  of  experience  in  other  areas,  where  conservation  measures 
have  been  applied  in  only  parts  of  watersheds,  these  reductions  seem  to 
be  conservative  estimates  end  fully  possible  of  attainment.    They  may  be 
expected  from  a  program  not  intended  to  provide  sedimentation  benefits 
alone  but  are  one  of  the  products  of  proper  land  use,  protection  of  veg- 
etative cover,  and  the  conservation  of  soil  and  water  resources. 

Additional  Studies  Needed 

The  sediment  problem  is  much  more  easily  defined  than  solved.  Not 
only  does  its  solution  require  an  understanding  of  the  techniques  of 
sediment  measurement,  the  hydraulics  of  sediment  transportation,  the 
relation  of  sediment  production  to  hydrclogic  phenomena  and  erosion,  but 
also  it  involves  the  field  of  human  relations,  public  finance,  and  the 
concepts  of  watershed  planning  and  treatment. 

Great  progress  in  understanding  both  the  effects  and  control  of 
sedimentation  has  been  made  in  the  past  few  years,  but  there  is  an  urgent 
need  for  expansion  of  studies  along  many  lines.      There  is  a  particular 
need  in  the  Missouri  River  Basin  for  more  information  on  rates  of  sedi- 
ment production  from  watersheds  of  all  sizes  in  regions  of  low  annual 
rainfall.     In  this  area  also  is  the  greatest  deficiency  of  data  on  rela- 
tive sediment  sources  and  effects  of  watershed  treatments  on  rates  of 
sediment  production. 

Much  more  time  and  thought  should  be  given  to  development  of  tech- 
niques for  watershed  planning  and  only  a  beginning  has  been  made  in 
finding  ways  to  bring  about  greater  cooperation  between  land  owners  and 
operators  and  downstream  interests  on  a  watershed  basis. 

Summary 

In  summarizing  this  discussion,  the  following  points  are  re-emphasized: 

1.  In  some  parts  of  the  Basin,  rates  of  erosion  and  sediment  pro- 
duction have  been  accelerated  by  occupancy  and  use  of  the  watershed  lands. 

2.  The  sediment  load  carried  by  a  stream  or  deposited  in  a  reser- 
voir usually  does  not  represent  total  erosion  in  the  watershed. 

3.  In  the  Missouri  River  Basin,  sheet  erosion  is  the  dominant  source 
of  sediment  east  of  about  the  20-inch  rainfall  line.    West  of  this  line, 
gullying,  streambank  erosion,  and  valley  trenching  are  generally  more  im- 
portant sources  of  sediment  and  may  be  the  dominant  sources  in  some  sub- 
watersheds  . 
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h.  Silting  of  reservoirs  is  only  one  of  several  significant  types 
of  sediment  damage  in  the  Basin. 

5.  Control  of  sediment  production  from  any  -watershed  involves, 
first  of  all,  studies  to  determine  the  amount  of  sediment  produced  "by 
the  watershed  and  the  relative  amounts  of  sediment  from  the  various  ero- 
sional  processes  in  the  watershed. 

6.  Watershed  treatment  in  aid  of  sediment  control  usually  will  in- 
volve not  only  land  management  and  treatment  but  structural  measures  as 
well.    The  right  combination  of  measures  and  practices  can  only  be  de- 
termined "by  study  of  the  individual  watersheds. 

7.  Watershed  treatment  has  reduced  sediment  production  in  various 
cases  of  record  by  substantial  amounts:     the  rate  of  silting  of  Lake  Waco 
in  Texas  was  reduced  "by  38  percent  as  a  result  of  land  use  adjustments 
and  conservation  measures  on  less  than  half  of  its  1,666- square-mile 
drainage  area;  conservation  practices  of  one  kind  or  another  on  35  per- 
cent of  the  62 .3-square-mile  drainage  area  of  Tligh  Point  Reservoir  in 
North  Carolina  resulted  in  0.  2k—  percent  reduction  in  silting  of  the 
reservoir;  silting  of  Lake  Issaqueena  in  South  Carolina  was  reduced  53 
percent  following  intensification  of  erosion  control  practices  on  about 
20  percent  of  the  1^-square-mile  drainage  area;  the  rate  of  sediment 
production  of  the  2 .26 -square -mile  Jones  Creek  Watershed  in  western  Iowa 
was  reduced  by  an  estimated  98  percent  as  a  result  of  multiple  practices 
for  erosion  control  and  a  highly  effective  sediment  detention  structure 
at  the  lower  end  of  the  watershed. 

8.  Sediment  control  by  watershed  treatment  is  dependent,  first  of 
all,  upon  development  of  a  technically  and  economically  sound  treatment 
plan  for  the  watershed. 

9.  The  sediment  problem  needs  to  be  viewed  as  a  total  community 
problem,  in  which  users  of  the  land  acknowledge  responsibility  to  their 
neighbors  downstream  and  those  lower  in  the  watershed  realize  their  own 
stake  in  what  occurs  upstream. 

10.  Though  considerable  progress  has  been  made  in  the  field  of  sedi 
mentation  within  the  past  few  years,  there  remains  a  great  need  for  addi- 
tional measurements  of  sediment  production  from  a  wide  range  of  watershed 
sizes,  types,  and  conditions  in  practically  all  parts  of  the  Basin. 

11.  Much  more  time  and  thought  should  be  given  to  development  of 
techniques  for  watershed  planning  and  in  finding  ways  to  bring  about 
greater  cooperation  between  land  owners  and  operators  and  downstream  in- 
terests on  a  watershed  basis . 
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